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-- 

FORE WORD 

The Space and Information Systems Division 
(S&ID) of North American Aviation, Inc., and the 
National Aeronautics and Space Administration, 
Manned Spacecraft  Center (NASA/MSC), Houston, 
Texas,  entered into contract  NAS9-167 on 
20 November 1961. This contract  stipulates that 
a flight-test repor t  be submitted to the NASA 
within ten working days of each flight during the 
flight t e s t  program. 
a half-scale,  instrumented t e s t  vehicle flight; 
it concluded the predeployed gl ide t e s t  ser ies -  

This is  the fifth repor t  of 

ABSTRACT 

The fifth predeployed flight tes t  of the half-scale 
The Paragl ider  was attempted on 23 October 1962. 

data presented shows that this flight t e s t  was successful.  
Satisfactory t r i m  point and tes t  vehicle stability dur- 
ing glide i s  verified by data analysis.  

... - - 111 - 
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1 . 0  INTRODUCTION 

The t e s t  repor t  descr ibes  the fifth half-scale p re -  
deployed glide t e s t  and the resul ts  obtained. 
was conducted over  the Rogers Dry Lakebed of Edwards 
Air F o r c e  Base ,  California,by North American Aviation, 
Inc. ,  Space and Information Systems Division 
(NAA/S&ID), in  conjunction with the National Aeronautics 
and Space Administration, Flight Resea rch  Center  
(NASA/FRC), Major t e s t  emphasis  was t o  verify sa t i s -  
factory trim point and tes t  vehicle stabil i ty during glide. 
Tes t  configuration No. 1, a s  descr ibed in "Paragl ider  
Development Tes t  P lan ,  Phase  11, Part A, I '  SID 61-471, 
"Section A, was used fo r  this flight with a variation in 
capsule weight. 

The flight 

-0€wHwL - 1 -  
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2 . 0  TEST OBJECTIVES AND RESULTS 

Specific t e s t  objectives of Flight Tes t  No. 5 and resu l t s  obtained a r e  
a s  follows: 

1. 

2. 

3 .  

Obtain data fo r  correlat ion with analytically determined stabil i ty 
charac te r i s t ics .  

Re sult  s : Ac c omplis hed 

On-board data and observed flight cha rac t e r i s t i c s  provided 
adequate data for  correlat ion with analytically determined 
stabil i ty charac te r i s t ics .  

Evaluate Pa rag l ide r  glide stabil i ty and range 

Re suit s : 

The observed f r e e  flight cha rac t e r i s t i c s ,  a s  well as the on- 

AL c O i - I i p l i  shed 

board data ,  indicated no apparent problem a r e a s .  

Evaluate the landing f la re .  

Resul ts  : Accomplished 

Adequate data was obtained to  evaluate the landing f l a r e  and 
provide information to  make the required changes. 

4. Veri fy  sat isfactory functional operation of the following sys t ems :  

Elec t r ica l  Power 

Results : Accomplished 

The e lec t r ica l  power sys t em operated sat isfactor i ly  during the 
tes t .  

Radio C ommand 

P,esu?t c : 

The radio command sys t em operation was sa t i s fac tory  through- 

Ar,c nrnpli shed 

out  the flight and all commands t ransmi t ted  were  received. 

- 3 -  - 
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Flight C ont r ol 

Re sult  s : Ac c ompli s hed 

The flight control  sys t em responded sat isfactor i ly  t o  all 
commands during the flight. 

Instrumentation 

Resul ts  : Accomplished 

All sys t ems  operated sat isfactor i ly  and useful data was 
obtained with the exception of measurement  P201 (Normal  
accelerat ion)  which was inoperative through the en t i re  flight. 

5. Verify the adequacy of the field-of-view of the on-board data 
c a m e r a s .  

Results : Accomplished 

‘lhe on-board data c a m e r a s ,  No. 1 (Horizzn) ar,d Y?s.  3 
(Spreader  B a r )  provided good photographic coverage during the 
flight and demonstrated the adequacy of the field-of-view. 
No. 2 (Deployment) was not installed.  

C a m e r a  

- - 4 -  
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3.0 TEST CONFIGURATION 

The t e s t  configuration used f o r  this  flight conforms t o  Configuration 
No. 1 shown in Table 1 of SID 61-471, with the exception of a variation in 
capsule  weight. 
Pa rag l ide r  configuration weight. 
and Pa rag l ide r  cen te r  of gravity.  

See the weight statement in  Table 1 fo r  capsule/  
Table 2 desc r ibes  the half-scale capsule  

The t e s t  vehicle was a complete flight a r t i c l e  with the following 
exc eption s : 

1. The "A" can  was not installed.  

2.  The capsule wiring was modified t o  allow the t e s t  vehicle t o  be 
re leased  f r o m  the tow cable and the tape t ranspor t  t o  be turned 
on by radio command f r o m  the Director  Ai rcraf t .  

3. A spec ia l  sequencing package was installed for  predeployed flight. 
The channel assignment list and instrumentat ion list a r e  defined i n  
Appendix A and Appendix B respect ively,  

Table 1. Weight Statement fo r  
Half -Sc a le  Capsule /Par  aglid e r C onf igur  a t i  on 

I tem 

Capsule 

Wing 

Control Cables 

F l a r e  Computer 

Flight Control Cable 
I 

811.0 

90.0 

2.0 

10.2 

0.4 

TOTAL 913.6 I 

- 5 -  -%emHwP 
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Axis 

FTnriz.nnta1 ( X )  

Table 2. Half-Scale Capsule /Paragl ider  Centers  of Gravity 

Glide F l a r e  

14.43 9.73 

\ 

Latera l  ( Y )  

Vert ical  ( Z )  6. 67 6. 26 I I 
0 

O I  

- 6 -  -i!mmmk 
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4.0  TEST DESCRIPTION 

The flight tes t  plan provided fo r  a flight consisting of towing the tes t  
vehicle t o  8 , 0 0 0  feet  p r e s s u r e  altitude with the H-37B hel icopter ,  re leasing 
the t e s t  vehicle f r o m  the tow cable by a radio-command signal f r o m  the 
a i rbo rne  control ler  in  the T-37B Director  Ai rcraf t ,  and a radio-controlled 
glide t o  a f lared landing. 

SPECIAL TESTS 

In preparat ion for  the flight t e s t ,  t h ree  special  t e s t s  were  per formed 
in addition to  two sat isfactory simulated flights with the t e s t  vehicle installed 
in combined sys t ems  t e s t  stand. 
vehicle i n  flight configuration and match  squibs was performed on internal  
ba t te ry  power. The sccsnd c p e c i z 1  test  was conducted with the half-scale 
t e s t  vehicle and l ive squibs (full flight configuration) on internal  bat tery 
power and special  instrumentation t o  r eco rd  the e lec t r ica l  loads during the 
squib fir ings.  The th i rd  special  t e s t  was of the Radio Command System on 
in te rna l  bat tery power,  t o  determine the operating l imi t s  of the radio- 
command t ransmi t te r - rece iver  system. 
sat isfactory.  Following the special  radio command check, two sat isfactory 
s imulated flights were  performed and the capsule was closed out fo r  flight. 

A special  t e s t  with the half-scale t e s t  

0 
All t h ree  special  t e s t s  were  

LAKEBED TESTING 

On the morning of the flight t e s t ,  the t e s t  vehicle was t ranspor ted  t o  
the  lift-off a r e a  on the lakebed and positioned in  the lift-off pad. 
installation was made just  p r io r  t o  the attachment of the wing. 
sa t i s fac tory  completion of all the other ground checks,  sat isfactory radio- 
command checks were  made with both the ground control  vehicle and the 
T-37B Director  Aircraf t .  

The squib 
Following 

The lift-off (F igu re  1) f r o m  the lakebed occurred  a t  0806 PDT and was 
sat isfactory.  
oscil lating an  est imated 90 degrees  about the rol l  axis .  The helicopter 
fo rward  speed was reduced f r o m  approximately 2 8  knots indicated a i r  speed 
(KIAS) t o  24  KIAS and the oscillations reduced great ly .  The tow flight 
cn_n_tir?lied t n  the launch point without fur ther  incident. Tow re l ease  was 
commanded by the a i rborne  control ler  a t  0825 PDT and re lease  was 
s ati sf a c  t o r i ly  a c  c ompli s he d . 

During the init ial  portion of the towed flight the capsule was 

e 
- 7 -  
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Immediately a f te r  re lease  the capsule assumed a ve ry  slight left turn,  
The airborne controller was able t o  maintain a wester iy  heading with 
occasional right turns .  Two pitch-down commands were t ransmit ted,  and 
two pitch-up commands were t ransmit ted f o r  re turn  to  the glide attitude. 
Before t r ans fe r  of radio-command control one pitch-down command was 
t ransmit ted.  It appeared t o  the airborne controller that this was a m o r e  
stable nominal glide attitude. 

The ground controller assumed control a t  approximately 2 , 0 0 0  feet 
above the ground (F igure  2 ) .  
above the ground, the ground controller t ransmit ted seve ra l  right tu rns  and 
one left tu rn  t o  ver i fy  control and stability. 
resulted in  sat isfactory response throughout the flight. 

F r o m  2 , 0 0 0  feet to approximately 800 feet 

All commands t ransmit ted 

At approximately 800 feet above the ground, another pitch-down 
command (total  of two) was t ransmit ted to  effect a pref la re  maneuver.  
definite change in pitch attitude was observed by the ground controller.  
50 feet above the ground, the f l a r e  maneuver (F igure  3) was initiated with a 
ve ry  noticeable decrease  in the rate-of-descent and forward speed. 
Approximately one-half second l a t e r  two pitch-up commands were  t rans-  
mitted to  complete the f l a r e  maneuver.  
appeared to  touch when the forward shoe was approximately one foot f rom 
the ground. 
approximately one foot before the forward shoe made  contact. 
shoe remained a t  the point of contact and sheared off while the capsule 
tumbled forward approximately 10 to  15 feet high and 50 feet forward. 
capsule  came t o  a stop upside down on the right trail ing edge of the sail .  
Total  flight t ime,  a s  recorded by r ada r ,  was four minutes and twenty four 
and s ix  tenth seconds. 

A 
At 

At landing the two afi s h o e s  

Paint m a r k s  on the lake bed indicated that the aft shoes skidded 
The forward  

The 

POSTFLIGHT INSPEC TION 

Pre l iminary  visual inspection on the lakebed revealed three  minor 
These were contained to  a t e a r s  in the right aft portion of the wing sail .  

small a r e a  no grea te r  than one square foot and were  apparently caused 
by the capsule tumbling a f te r  touchdown. 
dented aft fairing in the vicinity of the drogue m o r t a r  can is te r .  
p resents  the sequence of events during lakebed operations. 

Capsule damage was limited to  a 
Table 3 

- 9 -  43tMmwF 
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F i g u r e  2. Half-Scale Pa rag l ide r  in Glide Configuration 

- l o  - 
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Table 3 .  Lakebed Operation Sequence of Events 

I EVENT I TIME (PDT) 

Lake bed Ope rations St a r t  ed 

Test Vehicle Lift-off 

Release 

Test  Vehicle Touchdown 

0430 

0806 

0825 

0829.4 

RANGE DATA 

Figures  4 through 10 a r e  derived f r o m  data gathered by range 
p e r s onnel . 

Figures  4 and 5 present  altitude, rate-of-descent, and tangent plane 
velocity (velocity over the ground) versus  elapsed t ime.  

Figures  6, 7 and 8 show a three-view representation of the actual 
glide t ra jectory,  

F igures  9 and 10 represent  weather conditions existing i n  the tes t  
a r e a  during the flight. 

These data indicate that re lease occurred a t  an altitude of 8520 feet 
1 P ,  

2270 feet ,  The flight proceeded in a generally wester ly  direction on an 
average heading of about 250 degrees ,  Total distance covered over the 
ground was approximately 17,080 feet. Total flight t ime was 264.4 seconds. 

The wing p r e s s u r e  just  p r ior  t o  lift-off was 11.8 psig. The wing 
p r e s s u r e  was 11.2 psig a few minutes a f te r  the flight. 

- 11 - 
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Battery 

Main Power 

TAP (Main Power)  

Instrument ation 

Flight Control 

The preflight and postflight bat tery voltages were a s  follows: 

Pref l ight  Postflight 

41. 2 41.75 

34.0 23.5 

33.8 33.8 

*20.8 *18.0 

Due to  a relatively high noise content in  the commutated wavetrain 
(about 5 percent of full scale)  these data were  faired to  a degree of smooth- 
n e s s  which may not reflect the t r u e  charac te r i s t ics  of cer ta in  pa rame te r s ,  
especially line load measurements .  Attempts to  descr ibe each excursion 
of a pa rame te r  accurately by reading each commutation segment will result  
in an  accuracy of not better than 5 percent of full scale for  any individual 
reading. Fa i r ed  data should exhibit g rea te r  accuracy for  t rend  information 
but m a y  deviate f r o m  t rue  values by at least  5 percent of full scale  for any 
individual reading. During a r e a s  of extreme changes,  such a s  re lease and 
impact ,  individual commutation segments were  read to  descr ibe  peak 

during stabilized glide, were faired to  smooth curves.  
be apparent that peak values can be no more  accurate  than the 5 percent 
due t o  the reasons described above. 

Derlods 0 f l e s s e r  activitv. such a s  
It should, therefore ,  

Certain events during the tes t  were noted f r o m  the on-board data. A 
chronology of these events i s  presented in Table 4. 

P r o p e r  response to  a l l  radio command functions was indicated. The 
diagonal and Aft Keel Line Length measurements  indicate that two pitch- 
down commands were  entered pr ior  t o  f lare .  
immediately following the f la re  command returned the pitch l ines to  
neutral .  

Two pitch-up commands 

The key personnel and their  assignment for this tes t  a r e  presented 
in  Table 5. 

- 12  - -6%MwuR 
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Table 4. Chronology of Tes t  Events 

Event 

Tape Recorder  On 
F / C  P i n  Release 
R /C  Right Turn  
R / C  Left Turn  
R / C  Pi tch  Down 
R / C  Pi tch  Down 
R / C  Right Turn  
R / C  Right Turn  
R / C  Right Turn  
R / C  Right Turn  
R / C  Pi tch  Up 
R / C  Pi tch  Up 
R / C  Pi tch  Down 

R / C  Right Turn  
R/C Right Turn  
R / C  Left Turn  
R / C  Right Turn  
R / C  Right Turn  
R / C  Pi tch  Down 
R / C  Right Turn  
R / C  Flare 
R / C  Pi tch  Up 

A\, v R4nht Tidrfi 

K / L  PltCh up 

Touchdown 
S ta r t  Invalid Data 

Duration 
(seconds) 

T ime  f r o m  Release 
(seconds)  

-8 .2 
0 

12.5 
16.9 
27.7 
37.6 
4 8 . 4  
60.7 
67.5 
77.5 
95 .0  
9 6 . 6  

100.9 
104.0 
125.6  
167.5 
177.3 
185.5 
221.2 
235.3 
242.0 
261.2 
262.3 
- _ _  3 A 1  7 

264.6 
265.4 

- - 13 - 
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-6%wHmF 

Table 5. Key Tes t  Pe r sonne l  and Duties 

Por t ion  and 
Or  g anizati  on s 

Te  st Direct  or  
(NASA /FRC)  

Tes t  Conductor 
(S&ID) 

Launch Engine e r 
(S&ID) 

Ai r  borne Cont r olle r 
(S&ID) 

Ground Control ler  
(S&ID) 

Range Coordinator 
(NASA /FRC)  

Location 

Tow Aircraf t  

Ground C ont r ol 
Van 

Tow Aircraf t  

T-37B Director  
Ai rcraf t  

Ground C ont r ol 
Van 

Ground C ont r ol 
Van 

Fun c t i on 

Verification of Tes t  
P rocedures  

Ove rall Supe r;i s i  on 
of Tes t  

Observes  Tes t  
Vehicle During Tes t  

Radio Command 
Release and Assume 
C ont r ol 

Assumes  Control 
f o r  landing 

Coordinate Support 
Activities 

Name 
~ 

G. Layton 

E. W o o  

H. Roper 

R. Saunders 

E. W o o  

T. La r sen  

- 14 - - 
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Figure 9. Tempera ture  and P r e s s u r e  (MB) Weather Data 
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5 . 0  EVALUATIONS AND CONCLUSIONS 

FLIGHT PERFORMANCE EVALUATION 

General 

The evaluation of flight performance f rom the tape data and observed 
flight character is t ics  indicated that the pitch and rol l  control sys tems 
functioned properly. 
was observed with the rol l  command in neutral .  It i s  believed this resul ted 
f r o m  la te ra l  misalignments (i. e . ,  tolerance of boom-line measurements  and 
boltrope measurements )  and/or  the effects of winds. 

A tendency for  the vehicle to slowly turn to the left 

Aerodynamic Performance 

An evaluation of the vehicle 's  aerodynamic performance was made  
on the basis  of r ada r  and Askania data (uncorrected f e r  t h e  effects of winds). 
These data compared favorably, yielding the ver t ica l  and horizontal flight 
distances of approximately 6,  250 feet and 19, 200 feet ,  respectively. Askania 
data with wind correct ions were available and a graphical integration of the 
horizontal  velocity with respect  to t ime yielded a flight range of approximately 
14, 700 feet. 
flight t ime of 264. 6 seconds.  

0 
The on-board tape recorder  and  Askania data agreed  on a total 

A review of the flight tes t  data shows a variation of velocities with 
respec t  to t ime which precludes analysis on the basis  of steady state 
conditions. These continued transients throughout the flight profile can be 
attr ibuted to the repeated control commands necessary  for  maintaining the 
des i red  airborne-controlled flight path. 
evaluated on the bas i s  of averaged measurements  and observations.  

Consequently, the data were  

Taking the Askania data corrected for winds and computing averages 

This compares to 
yields a sink r a t e  of 23. 6 feet  per second, a horizontal velocity of 55. 5 feet  
per  second and a total  velocity of 60. 2 feet  per  second. 
predicted averages ( t r immed  for maximum lift-to-drag ratio of 23. 25 feet 
per second for  sink r a t e ,  63 feet per second for  the horizontal velocity 
and 67. 25 feet per second for  the total velocity. 
the indication would be that the average t r immed  flight condition was a t  an 
angle of attack somewhat higher than that a t  maximum lift-to-drag ratio.  
The indication of the forward line being approximately nine-inches Inr-ger thar, 
nominal during glide would account for  5-degree increase  in the triEm-ec! 
angle of attack but not the 9 degrees indicated by the velocity comparisons.  

On the basis  of comparison, 
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Determination of t rue  velocity is dependent upon the accuracy of the 
_L_ wc;dL1ler - CL 
weather data is dependent upon the t ime of measurement ,  the place of 
measurement  and the quality of measuring devices.  
and place of weather measurements  to that of the actual flight, it i s  quite 
possible the wind information used i s  not exact. 
magnitude of the difference in the average horizontal velocities ( 7 .  5 feet  per 
second) could be attr ibuted to discrepancies in wind data. 

data used io  correct measured  flight tes t  data. The accuracy of 

When comparing the t ime 

The relatively smal l  

On a bas is  of comparison of the averages i t  is  noted that the flight t e s t  
resu l t s  show good agreement  to the predicted aerodynamic performance. 
However, to determine more  precisely the actual flight performance charac te r -  
i s t ics ,  additional t e s t  data will be required,  
as nea r  a s  possible to  the steady-state glide condition. 
relatively low gliding velocities of the vehicle, the t rue  velocity is extremely 
sensit ive to winds. 

These data should be obtained 
Also, due to the 

Stability and Control 

Pitch 

The stability and control charac te r i s t ics  showed sat isfactory operation 
throughout the flight regime. The observed free-flight charac te r i s t ics ,  a s  
well  as the onboard recorded  data, indicated no apparent problem a r e a s .  
At tow re lease  the onboard data showed a pitch-rate oscillation of approxi- 
mately 9. 4 radians per second which damped in approximately 2. 5 seconds.  
Although the frequency recorded was higher than the predicted short-per iod 
pitch frequency, the conditions a t  tow re l ease  can be expected to exhibit 
frequencies influenced by wing-cable dynamics, i. e . ,  wing motion relative 
to the capsule. Coupled with elastic charac te r i s t ics  the higher frequencies 
appear  e d r e  a s  onabl e. 
a pitch command again showed a temporary  oscillation near  the 9 radians 
per  second level.  However, the predominate short  period oscillation of 
approximately 2.5 to 3 . 0  radians per second can be observed in the recorded  
data. As a check of short  period frequency the following calculation was 
ma de : 

Longitudinal f r e quencie s me a s  ur e d during g l i  de aft e r 

Sref = 178.5 ft 2 

2 I, = 407. 5 slug-ft 

= - 004 (Es t imate  f rom HSTV C m a  
Ame s Wind Tunnel 
Tes t )  
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W s p  = 2. 45 r a d l s e c  

The computed short  period frequency ag rees  ve ry  well with the recorded 
data. 

Aft line pitch control ra tes  were  slightly lower than the design value. 
Aft line r a t e s  of approximately 7 . 5  inches per  second were  recorded for  the 
pitch commands (a design value of 9 inches pe r  second was nominal). The 
lower aft pitch r a t e  did not appreciably effect  sys tem performance, however, 
the 7 . 5  inches per  second r a t e  is  considered a minimum value without 
increasing the f lare  initiation altitude o r  reducing f la re  performance. 
ward  line payout at f la re  was recorded a t  1 7  inches per  second. 
payout r a t e  is direct ly  influenced by forward line load. 
data indicated a lower dynamic p r e s s u r e  during the flight than had been 
anticipated, however, these data a r e  extremely dependent upon atmospheric  
information since dynamic pressure  was  computed f rom tracking data and 
wind velocity. A lower dynamic p r e s s u r e  at initiation of the f la re  mode 
would, indeed, reduce line loads and yield a lower line payout ra te .  
Investigation of the forward line position appears  to  indicate an extended 
length in f la re  of approximately 113 inches o r  approximately 4 inches over 
the design position. 
would indicate approximately a 8 .9  inch e r r o r  a t  glide. The resul t  of such 
an e r r o r  would tend to produce a lower lift-to-drag ratio and a l so  a reduced 
dynamic pressure .  
Flight Control evaluation section of the t e s t  repor t .  

For - 
The forward 

The performance 

The line length e r r o r  t raced  back to glide position 

The source of the possible problem is discussed in 

La te ra l  

La tera l  response character is t ics  appear  satisfactory and no problem 

The computed dutch 
a r e a s  a r e  apparent.  The measured frequencies,  indicative for the dutch 
ro l l  mode, range f r o m  2 .  6 to 3. 0 radians per second. 
ro l l  frequency is  shown below: 

q = 4 . 0  psf 

b = 22.  5 ft 

2 Sref 1 178. 5 f t  

= 0. 001 (Est imate  f rom HSTV 
cn P Ames Wind Tunnel 

Tes t )  
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{m - - d ( 5 7 . 3 )  (4.  0 )  (178 .5)  ( 2 2 .  .~ 5)  (0 .  001) 

W D R  = 
IZ 144.5 

WDR = 2.52 r a d l s e c  

The above computed frequency shows reasonable correlation with the 
f r e e  flight data. 

The tendency for  the vehicle to  turn left during f r e e  flight can be 
attr ibuted to la te ra l  misalignments and/or  wind velocity. 
weather data showed the general  wind velocity direction to be f r o m  the 
northeast .  The flight path was f rom the northeast  to the southwest. 
f o r e ,  wind velocities appear  to create  a tailwind and a la te ra l  wind tending 
to produce drift to the left.  
a left-wind drift  represents  a potentially difficult l a t e ra l  control condition. 
However, remote control of this situation appeared to be ve ry  successful. 
Observed rol l  character is t ics  f rom film coverage substantiated the la te ra l  
maneuvering capability. The capsule appeared to be aligned with the keel 
plane during turn maneuvers  and exhibited adequate damping during the 
t ransient  period. 

The recorded 

There-  

The combination of a left-turn misalignment and 

The roll-control drum ra tes  indicate, for a right tu rn ,  a maximum 
of 10 inches per second and, for  a left turn,  a maximum of 12 inches 
per second. 
Roll line position shows a maximum 12. 5-inch line change for  a right turn 
and a maximum 12-inch l ine change for a left turn.  
value was 11.9 inches. The higher rol l  drum ra t e s  did not appreciably 
effect the system capabilities and a r e  considered sat isfactory for the control 
sys tem operation. The design rate of 6 inches per second will be utilized on 
future  t e s t  operations.  

0 
The design c r i te r ia  was se t  for  6 inches per second rate  l imit .  

The nominal design 

Because the recorded differential loading of the rol l  cables was low 
the higher ra te  does not affect power requirements  o r  capacity. 

INSTRUMENTATION SYSTEMS EVALUATION 

A total of thirty-five measurements  and associated calibration voltages 
w e r e  monitored and recorded  by the on-board tape recording system. 
sys tems operated sat isfactor i ly  and good data were obtained with the exception 
of measurement  P201 (Normal  Acceleration). 
OVDC throughout the flight. 

All 

This measurement  was a t  

A post-flight investigation of ca.psi.de wiring indicated =. sh91-t tc 6 n r n 1 1 n A  ----- 
between the normal  acceleration input signal pin on the SCO chassis  and 
capsule s t ruc ture .  The SCO chassis  was removed and given a thorough 
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functional tes t  in the laboratory. No electr ical  discrepancies were found. 
I t  is felt  that this condiiioii -vvas caused hy Some foreign mat te r  in the SCO 
chassis.  

The instrumentation systems in the director  a i r c ra f t  and the ground 
communication van a l so  performed satisfactorily.  
both radio-command signals and the audio between the director  a i r c r a f t  
and ground van. 

This sys tem monitors 

Good photographic data was gathered by the on-board cameras .  Since 
this was a predeployed configuration, Camera  No. 2 (deployment) was not 
installed. Both Camera  No. 1 (horizon) and Camera  No. 3 (Spreader Bar s )  
ope rated satisfactorily. 

FLIGHT CONTROL SYSTEM EVALUATION 

The flight control sys tem responded satisfactorily to a l l  commands 
All commands were given during the flight although the during the flight. 

sys t em was never flown in a t r i m  position above glide. 

The shroud-line loads w e r e  a stezi!~ Sta te  160 pounds with a delta 
load of f rom 40 to 80 pounds during rol l  maneuvers. 
was ten inches p e r  second and the line position indicated 12. 5 inches of 
cable t rave l  during the commands. 
was due to the light delta load during rol l  maneuvers.  

The control line ra te  

This ra te  was fas te r  than expected but 
0 

The aft diagonal-line ra te  was eight inches pe r  second. Line position 
change was three  inches per  step. 
given during the flight and the loads, ra tes  and position data for commands 
was thus limited. The data indicated the forward control line length to be 
86 inches at the glide position. 
at the f la re  command. The indicated position of the forward line length is 
questionable when a comparison is made with the combined sys tems tapes. 
The last three  combined systems tapes were  reviewed to obtain line readout 
information. 
length was 99 inches of s tee l  cable. 
sys tems testing was recorded as  19 inches and the recorded delta line length 
during flight was 18 inches. 
accuracy  of the recording system and the conclusion 
f l a r e  c a m  switches were  improperly set. 

A minimum of pitch commands were  

The forward line repositioned to 104 inches 

The glide length was 80 inches of s tee l  cable and the f la re  
The delta line length during the combined 

These delta line lengths agree  within the 
is that the glide and 

This improper  setting was possible i f  the cams were  se t  originally 
with the 300-pound weight, and if  the 100-pound weight was used during 
checkout. 
of the des i red  length. Resetting the cams to get the proper line length using 

if siieh ar; e r r ~ r  were made, the line would have stopped shor t  
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the 100-pound weight would have resulted in the wrong line length setting for 
flight. The line loads during the fiighi: were not gi-eat  e i i ~ u g h  to have caused 
l ine slippage; therefore ,  it is concluded that the f la re  c a m  was r e s e t  with 
the 100-pound weight and that the glide c a m  was inadvertently moved during 
the resett ing operation. 

The conclusion, therefore,  is that the calibration procedure of the 
forward line should be changed. 
recorded and the voltage corresponding to this length will be recorded. 
weight will be 300 pounds at all t imes  on the forward line. 
of the forward line will be an ll.-point calibration with the glide and f la re  
lengths as two of the points. The line will be calibrated for a total length 
of 130 inches of s tee l  cable, 

The actual line length will be measured  and 
The 

The calibration 

ELECTRICAL POWER SYSTEMS EVALUATION 

The electr ical  power sys tem operated satisfactorily during the ent i re  
flight. There was approximately 30 amperes  per  minute of power used 
during the flight. 
p e r  minute to insure that the potential remains above 24 volts during expected 
t ransient  loads; also,  the actual t ransient  ioaus experienced dur iug  the f l igh t  
were  much lower than anticipated. 
the o rde r  of 140 to 240 amperes  and during this flight the t ransients  appeared 
to be approximately 40 to 60 amperes .  

The bat tery is designed to have a capacity of 127  amperes  

The t ransients  were  expected to be in 

The nominal bat tery load was 28 amperes  which is consistent with 
previous ground and flight tests.  
per iod of t ime, due to the nature of the predeployed flight, than they will 
be in a deployment flight. The majority of the power sys tem components 
have now been tes ted in flight and no problems s e e m  to be evident. 

The bat ter ies  were operated for  a longer 

RADIO COMMAND SYSTEM EVALUATION 

The radio command sys tem functioned satisfactorily during the ent i re  
flight. All t ransmit ted commands were  received properly. No changes to 
the radio command sys tem a r e  indicated. 
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6 . 0  PARAGLIDER PROBLEM STATUS 

Flight 

1. Predeployed 
Flight No. 1 

2. Predeployed 
Flight No. 2 

3.  Pr e deploye d 
Flight No, 3 

4. 

4. Predeployed 
Flight No. 4 

5 .  Predeployed 
Flight No. 5 

Problem 

The electr ical  connector to 
the apex re lease  fitting was 
pulled apa r t  on lift-off. 

The apex re lease  detent pin 
was snagged by the elec- 
t r i ca l  cable to the dis- 
connect squibs and mech- 
anically re leased  the 
fitting pr ior  to  the scheduled 
t ime. 

1. The apex re lease  fitting 
prematurely disconnect 
by mechanical means.  

2. Improper positioning of 
the stepping switch in 
the flight control 
sys tem pr ior  to take- 
off. 

Pin puller squib failed to  
f i r e  

1. Capsule tumbled on 
impact 

2. Normal acceleration 
measurement  ( #P  201) 
inoperative. 

- 57 - 

Correct ive Action 

The connector was safetied 
and lift-off procedures were  
r evis ed. 

A shroud was fitted over the 
detent pin. 

The r e l ease  fitting was 
replaced by a positive 
mechanical fitting with no 

tow line will be cut by a 
cable cutter.  

reledbe .I - - - - L a p a u u A b y  -- --l.:l:t.- +he ---- 

A positive method of 
monitoring the switch 
position is being provided. 

Investigation revealed an 
open fuse in circuit .  Fuse  
was replaced, 

Landing shoes removed and 
the forward edge of balsa 
skid was radiused. 

System checkout following 
flight and no trouble was 
evident. It is  felt that 
foreign ma t t e r  in  a 
connector caused the 
~ e a s u r e m e n t  to be 
inoperative. 
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C h a n n e l  No. 

1- 1 
1-2 
1-3 
1-4 

A P P E N D I X  A 

Ins  t r u m e n t a t i  on C onf i g u r  ati on 

M e a s .  No. Channe l  No. 

I n t e r v a l o m e t e r  2-18 
P 2 0 2  2-18 
P 2 0  1 2-19 
P 2 1 3  2-19 

CHANNEL ASSIGNMENTS I 

P 2 1 2  
PlOl 
P 1 0 2  
P103 
P 1 0 4  
P 1 0 5  
P 1 0 6  
P 1 0 7  
P 1 0 8  
P 109 
P 1 1 0  
P 2 0 3  

A l l  w l l l  be  g r o u n d e d  
P 3 0  1 
P 3 0 2  
P 3 0 3  
P 3 0 4  
P 3 0 5  
P 3 0 6  
P 307 
P 3 0 8  

2-19 
2-20 
2-2 1 
2-22 
2-23 
2-24 
2-24 
2-24 
2-25 
2-25 
2-25 
2-26 
2-26 
2-26 
2-27 
2-28 
3 
4 
5 
6 
7 

M e a s .  No. I 
P 3 0 9  
P 3 1 0  
P311 
P 3  12 
P 3 1 3  
P 3  14 
P 3 1 5  
P316 
P 3  17  
P 5 0  1 
P 5 0 2  
P 5 0 8  
P 5 0 3  
P 5 0 4  
P 5 0 9  
P 5 0 5  
P 5 0 6  
P 5 0 7  

Cal ib .  Sig.  t 5  VDC 
Cal ib .  S ig .  0 VDC 

P 2 1 1  
P 4 0  1 
P 4 0  3 
P 4 0  5 

60 C P S  Osc i l l ,  
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